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Experimental Section
Materials and Instruments
Materials. All starting materials and dehydrated solvents were purchased from Aldrich Co.
(Milwaukee, WI), Wako Pure Chemical Industries (Osaka, Japan), and Tokyo Kasei Kogyo (TCI) (Tokyo, Japan) unless otherwise noted. Bio-Beads SX-1 for the size exclusion column chromatography (SEC) was purchased from Bio-Rad Laboratories (Hercules, CA). Amidine monomer, 7b-H, S1 amidine dimers, 1a S2 and 1c, S3 carboxylic acid dimer, 2, S3 and the duplexes, 1a·2, S2 and 1c·2 S3 were synthesized according to the reported methods.
Instruments. The melting points were measured using a Yanaco MP-500D melting point apparatus (Kyoto, Japan) and were uncorrected. The NMR spectra were obtained using a Bruker Ascend 500 or a Varian UNITY INOVA 500AS spectrometer operating at 500 MHz for 1 H and 125 MHz for 13 C and a Varian Mercury 300 spectrometer (121.5 MHz for 31 P). Chemical shifts are reported in parts per million (δ) downfield from tetramethysilane (TMS) as the internal standard in CDCl 3 ( 1 H and 13 C), while H 3 PO 4 was used as the external standard for 31 P NMR measurements. The electron and cold spray ionisation mass spectra (ESI-MS and CSI-MS) were recorded using a JEOL JMS-T100CS spectrometer (Akishima, Japan). The elemental analyses were performed by the laboratory of elemental analyses in the Department of Agriculture, Nagoya University. The IR spectra were recorded using a JASCO Fourier Transform IR-680 spectrophotometer (Hachioji, Japan). The absorption and CD spectra were measured in a 1.0-mm quartz cell on a JASCO V-570 spectrophotometer and a JASCO J-820 spectropolarimeter, respectively. The temperature was controlled by a JASCO PTC-423L apparatus.
Synthetic Procedures
Scheme S1. Synthesis of Amidine Dimer 1b.
1b. To a solution of 7b-H (111 mg, 0.200 mmol) and Pt(PPh 3 ) 2 Cl 2 (79 mg, 0.10 mmol) in degassed Et 2 NH (13 mL) was added CuI (2.4 mg, 0.013 mmol) at room temperature under N 2 . After the mixture was stirred at reflux for 4 h under N 2 , the solvent was evaporated to dryness. The residue was dissolved in CHCl 3 (50 mL), and the solution was washed subsequently with 0.5 M HCl (50 S3 mL), water (50 mL), 0.5 M NaOH (3 × 50 mL), water (50 mL), and brine (50 mL), and then dried over anhydrous Na 2 SO 4 . After filtration, the solvent was evaporated to dryness. The residue was washed with n-hexane (3 × 10 mL) and dried in vacuo, and then purified by SEC (Bio-Beads SX-1, 59, 161.56, 141.79, 140.55, 138.98, 135.23, 134.59, 132.65, 131.53, 131.51, 131.27, 131.04, 130.60, 130.56, 130.03, 129.23, 128.85, 128.70, 128.08, 127.63, 123.72, 122.32, 104.29, 96.32, 54.56, 32.41, 32.27, 25.42, 24.61, 0. 03, 161.68, 143.28, 141.06, 140.45, 140.41, 138.56, 138.53, 137.71, 137.54, 135.54, 135.22, 134.59, 132.84, 132.54, 131.68, 131.58, 131.29, 131.13, 130.42, 129.98, 129.87, 129.79, 129.67, 129.48, 128.86, 128.75, 128.44, 128.21, 128.08, 128.01, 127.82, 127.53, 127.40, 126.28, 124.15, 122.71, 121.28, 105.86, 104.47, 96.95, 93.09, 46.82, 46.80, 38.93, 29.10, 28.23, 22.88, 22.69, 22.48, 22.07, 15.62, 14.91, 0.42, 0.12 03, 161.69, 143.27, 141.07, 140.43, 140.41, 138.55, 138.53, 137.74, 137.56, 135.57, 135.23, 134.59, 132.84, 132.55, 131.69, 131.59, 131.30, 131.11, 130.44, 129.99, 129.89, 129.81, 129.66, 129.48, 128.86, 128.75, 128.44, 128.21, 128.08, 128.02, 127.82, 127.54, 127.41, 126.30, 124.16, 122.71, 121.30, 105.87, 104.47, 96.96, 93.10, 46.83, 46.83, 38.92, 29.14, 28.20, 22.87, 22.69, 22.48, 22.07, 15.62, 14.91, 0.42, 0.12 with n-hexane (3 × 10 mL) and dried in vacuo, and then purified by SEC (Bio-Beads SX-1, CHCl 3 as eluent) to afford (S,S)-3b (27 mg, 88% yield) as a pale yellow solid. In the same way, (R,R)-3b was also prepared using (R,R)-DPPPe in 85% yield.
(S,S)-3b. Mp: 265 °C (dec. 161.34, 143.11, 141.43, 140.55, 140.41, 138.94, 138.86, 137.86, 137.13, 135.09, 134.80, 134.55, 133.02, 132.56, 132.39, 131.77, 131.65, 131.27, 131.16, 130.56, 130.36, 130.06, 130.03, 129.75, S6 129.67, 129.44, 129.37, 129.30, 128.98, 128.71, 128.60, 128.20, 128.11, 127.91, 127.80, 127.75, 127.65, 126.12, 124.23, 122.55, 121.09, 106.09, 104.51, 97.15, 93.22, 54.16, 53.92, 39.21, 32.72, 32.52, 32.33, 29.84, 29.11, 25.27, 25.14, 24.63, 16.06, 15.55, 0.41, 0.13 161.35, 143.13, 141.45, 140.55, 140.43, 138.94, 138.86, 137.87, 137.16, 135.14, 134.81, 134.55, 133.04, 132.57, 132.38, 131.78, 131.66, 131.27, 131.17, 130.57, 130.37, 130.06, 130.03, 129.77, 129.68, 129.44, 129.38, 129.30, 128.98, 128.72, 128.61, 128.22, 128.13, 127.93, 127.80, 127.76, 127.66, 126.13, 124.25, 122.56, 121.11, 106.09, 104.52, 97.16, 93.24, 54.18, 53.93, 39.25, 32.73, 32.53, 32.34, 29.86, 29.11, 25.28, 25.14, 24.64, 16.06, 15.55, 0.41, 0.14. 31 65, 162.82, 143.17, 143.04, 142.78, 141.90, 141.56, 140.78, 138.98, 138.69, 137.05, 136.74, 135.50, 134.32, 132.97, 132.58, 132.48, 131.55, 131.44, 131.31, 130.90, 130.70, 130.40, 130.28, 130.04, 129.72, 129.65, 129.46, 129.10, 129.04, 128.81, 128.73, 128.26, 128.13, 127.88, 127.77, 127.64, 127.56, 126.90, 126.73, 126.31, 126.24, 123.36, 122.22, 121.50, 109.20, 106.23, 104.44, 96.48, 94.83, 55.54, 55.38, 39.46, 23.85, 29.28, 22.22, 21.93 162.84, 143.32, 142.42, 142.38, 141.59, 141.17, 140.65, 138.47, 138.41, 138.09, 137.98, 135.26, 135.01, 134.37, 132.82, 132.51, 132.15, 131.69, 131.52, 131.41, 130.90, 130.36, 130.30, 130.05, 129.75, 129.46, 129.31, 129.08, 128.79, 128.70, 128.63, 128.13, 127.96, 127.91, 127.82, 127.68, 127.51, 127.46, 127.29, 126.88, 126.72, 126.49, 123.84, 122.93, 121.29, 105.81, 104.64, 96.74, 92.85, 55.46, 55.43, 39.05, 28.97, 28.30, 22.90, 21.61, 15.73, 14.78, 0.46, 0.11. 31 
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3d. To a solution of 1a·2 (11 mg, 3.6 µmol) in dry CHCl 3 (6 mL) was added 1,3-bis(diphenylphosphino)propane (DPPPr) (3.0 mg, 7.2 µmol) at room temperature under Ar.
After the mixture was stirred at room temperature for 2 h under Ar, the solvent was evaporated to dryness. The residue was washed with n-hexane (3 × 5 mL) and dried in vacuo, and then purified by SEC (Bio-Beads SX-1, CHCl 3 as eluent) to afford 3d (10 mg, 96% yield) as a pale yellow solid.
Mp: 215 °C (dec. 161.63, 143.20, 140.65, 140.52, 138.83, 138.52, 137.68, 137.27, 134.46, 133.45, 133.32, 133.10, 132.86, 132.57, 132.29, 132.21, 132.09, 132.07, 131.89, 131.68, 131.46, 131.39, 130.90, 130.83, 130.69, 130.53, 130.44, 129.93, 129.56, 129.02, 128.84, 128.69, 128.60, 128.53, 128.07, 127.43, 126.33, 124.02, 122.61, 121.36, 105.87, 104.39, 96.57, 93.55, 46.83, 29.85, 23.91, 22.77, 22.38, 0.34, 0.16 
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87% yield) as a pale yellow solid. In the same way, (R,R)-4a was also prepared using (S,S)-4b and (R,R)-4b. To a solution of 1b·2 (32 mg, 9.6 µmol) in dry CHCl 3 (10 mL) was added (S,S)-CHIRAPHOS (12 mg, 29 µmol) at room temperature under Ar. After the mixture was stirred at room temperature for 8 h under Ar, the solvent was evaporated to dryness. The residue was washed with n-hexane (3 × 10 mL) and dried in vacuo, and then purified by SEC (Bio-Beads SX-1, CHCl 3 as eluent) to afford (S,S)-4b (26 mg, 86% yield) as a pale yellow solid. In the same way, (R,R)-4b was also prepared using (R,R)-CHIRAPHOS in 84% yield.
(S,S)-4b. Mp: 210 °C (dec. 161.81, 141.76, 140.44, 138.72, 136.63, 134.68, 132.94, 132.73, 132.18, 131.95, 131.70, 131.20, 129.23, 128.86, 128.77, 128.53, 128.03, 123.73, 122.04, 104.25, 96.38, 47.10, 47.09, 37.53, 22.50, 22.45, 22.38, 22.12, 22.11, 14.92 (S,S)-5b. To a solution of 1b (37 mg, 0.020 mmol) in dry CHCl 3 (10 mL) was added (S,S)-CHIRAPHOS (8.5 mg, 0.020 mmol) at room temperature under Ar. After the mixture was stirred at room temperature for 2 h under Ar, the solvent was evaporated to dryness. The residue was washed with n-hexane (3 × 10 mL) and dried in vacuo, and then purified by SEC (Bio-Beads 68, 161.68, 141.89, 140.55, 138.95, 136.76, 134.90, 132.88, 132.67, 132.09, 132.04, 131.94, 131.74, 131.25, 130.86, 130.08, 129.25, 128.90, 128.70, 128.51, 127.99, 123.74, 104.29, 96.33, 54.63, 54.61, 37.34, 32.44, 32.25, 32.20, 25.32, 25.25, 24.65, 21.44, 14.86, 0. 163.10, 142.63, 142.44, 141.27, 138.40, 136.54, 134.23, 133.03, 132.32, 131.92, 131.64, 131.07, 130.69, 129.93, 129.09, 128.76, 128.68, 128.58, 128.52, 128.04, 127.75, 126.75, 126.66, 123.30, 122.17, 104.37, 96.01, 55.64, 55.58, 37.54, 22.23, 22.11, 21.23, 14.85, 0.04. 31 99, 163.12, 142.67, 142.59, 141.28, 138.52, 136.84, 134.16, 132.72, 132.30, 131.91, 131.81, 131.67, 131.08, 130.62, 129.88, 129.11, 129.05, 128.95, 128.73, 128.63, 128.55, 128.43, 128.08, 127.96, 127.66, 126.76, 126.68, 123.24, 122.26, 104.42, 95.96, 55.62, 55.58, 36.74, 22.34, 22.07, 21.97, 14.57 (S,S)-6 and (R,R)-6. To a solution of 2 (30 mg, 0.020 mmol) in dry CHCl 3 (10 mL) was added (S,S)-CHIRAPHOS (8.5 mg, 0.020 mmol) at room temperature under Ar. After the mixture was stirred at room temperature for 2 h under Ar, the solvent was evaporated to dryness. The residue was washed with n-hexane (3 × 10 mL) and dried in vacuo, and then purified by SEC (Bio-Beads SX-1, CHCl 3 as eluent) to afford (S,S)-6 (29 mg, 98% yield) as a pale yellow solid. In the same way, (R,R)-6 was also prepared using (R,R)-CHIRAPHOS in 85% yield.
(S,S)-6. Mp: 200 °C (dec. 84, 140.96, 139.67, 136.72, 136.67, 136.62, 133.04, 131.98, 131.80, 131.35, 130.92, 129.68, 129.40, 129.29, 128.84, 128.68, 128.59, 128.42, 128.00, 127.67, 122.37, 105.31, 94.85, 36.91, 14.83, 0.17 
General Procedures for the Preparation of the Model Compounds 5a-c·6.
The carboxylic acid strand 6 (5.00 μmol) was dissolved with the corresponding amidine strand (5a-c) (5.00 μmol) in CHCl 3 (0.5 mL). The solution was filtered through a membrane filter (φ = 0.45 μm), and the filtrate was evaporated in vacuo to afford the corresponding duplex as a pale yellow solid. 
S14 (S,S)-5a·(S,S)-
General Procedures for Enantioselective Ligand-exchange Reaction
Stock solutions of 1c·2 (1.0 mM) (solution I), rac-DPPPe (16 mM) (solution II), and 1,3,5-trioxane (8.0 mM, as an internal standard) (solution III) were prepared in degassed CDCl 3 .
Aliquots of I (0.40 μmol, 400 μL), II (1.6 μmol, 100 μL), III (0.40 μmol, 50 μL), and degassed
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CDCl 3 (250 μL) were added to an NMR tube (5-mm (i.d.)) under Ar. The reaction progress was monitored by 1 H NMR spectroscopy at 25 °C to determine the yield and the diastereomeric excess (de) of 3c (Fig. 4) . 
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Supporting Data
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